We found an analytical solution for the neutrino mass matrix in the most general case of the Zee model. Using the recent data on the neutrino parameters besides generating neutrino masses at 1-loop level we fit also the masses of the charged leptons and the leptonic mixing matrix. We also show in what conditions the model is not compatible with neutrino data.
I. INTRODUCTION
Among the several ways that neutrinos can gain mass, loop-mechanisms are perhaps the most motivated ones, as they explain naturally the small neutrino masses. Moreover, among all of them, the simplest mechanism to generate neutrino masses at the 1-loop level is the Zee's mechanism [1, 2] . Through the years this mechanism has been studied, see for instance
Refs. [3] [4] [5] [6] [7] [8] [9] [10] [11] . Here, we will show for the first time an analytical solution for the neutrino mass matrix arising in that mechanism and study the possibility to adjust not only the neutrino masses but also the charged leptons masses and the leptonic mixing matrix using recent data on neutrino masses and the neutrino mixing matrix. This mechanism is easy to be implemented in the standard model (SM) by adding an extra scalar doublet and a singly charged singlet scalar, h + .
The representation content of the model in the lepton sector is the usual lepton doublets The leptonic Yukawa interactions with the singly charged scalar is
here C is the charge conjugation matrix, a, b are generation indices, andF ab is an antisymmetric matrix, thus a = b in (1) . Only h + is still a symmetry eigenstate.
Here, we discuss only the terms that are important for genetation of the neutrino masses.
Firstly, notice that there is a trilinear term f αβ (φ i α φ j β ) ij h − . The matrix f αβ is also an anti-symmetric and it has dimension of mass, so we have:
where and f 12 has dimension of mass. We will work in the Higgs basis in which the doublets are written as [12] . In this case the important term Eq. (2) 
with the charged lepton mass matrix given by
There is also an interaction with the physical singly charged scalar, which is related to the lepton masses:
where the primed fields are symmetry eigenstates and neutrinos are massless at the tree level
II. SOLUTION
The neutrino are predicted to be majorana particle, whose masses are generated through a loop diagram, which relates them to the lepton masses via the equation [1, 13] ,
where M l is the charged lepton mass matrix in the symmetry basis, m h is the mass of the charged scalar which is almost singlet. Notice that in the Zee mechanism TrM ν = 0, hence m 1 + m 2 + m 3 = 0. We will use this property below. In Eq. (5) we have used the charged lepton mass matrix in order to write the matrixĜ 1 in term of M l andĜ 2 .
Notice that in this equation, both M ν and M l are not diagonal. The majorana character of the neutrino mass matrix imply that we can rotate it via unitary rotation of the form
, while the charged lepton matrix is rotated trough a bi-
It means that we can re-write Eq. (5) into a simpler form [11] ,
, which is still anti-symmetric and, 
might think that all the 9 parameters inẐ contirbute to the neutrino mass matrix m ν .
Nevertheless, it turns out thatẐ can be written as a sum of two matrixẐ = Z + Q where Q contains all the parameters that do not contribute to Eq. (6) and Z containing only 5 parameters that does contribute to the neutrino mass equation, which we choose to parametrize as,
In the appendix A, we describe how to write any general 3×3 matrix using this parametriza- by [11, 16] , because, in order to fit θ 12 and θ 23 it cannot produce sin 2 θ 13 < 0.33, which is more than excluded.
(ii) The Next-to-Minimal Model (NtMM) consists on turning on G 2 with only one extra parameter x. In particular, we found that if we take, For both cases (ii) and (iii) the relation (A5) imply,
The numerical solutions are plotted in Fig. 2 below. Notice that all F ij are of the same order. For completeness, we present one possible solution for the mixing matrix U , V L and the G 2 Yukawas for case (iii) assuming:
and Our result is general, as it does not make any assumption on the values or hierarchy of the coupling constants. For example, take the parameter scan from [17] , there, they assumed F 12 = 0 and neglected m e mass. Nevertheless, the solution we presented gives (G 2 ) 13 /(G 2 ) 31 = m e /m τ , thus, with our result, one may find solutions where the electron mass is important or any parameter is non-zero. The neutrino mass matrix in Eq. (7) may be written also as With the Z and A matrices given in Eq. (A2) and (A3), we found that 
Notice that Z has only 5 parameters, while m ν has 6 degrees of freedom. Thus, the missing equations relates F ,
